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USE OF HEXA H YDROLUPULONES AS ANTIBACTERIAL AND ANTICANCER AGENTS 

5 

Background of the Invention 

The treatment and/or cure of cancer has been intensely investigated 
culminating in a wide range of therapies. Cancer has been typically treated with 
surgery, radiatton arid chemotherapy, alone or in conjunction wth ^ 
10 employing; drugs; biologic agents, antibodies, and radioactive imm 

among others. The common goal of cancer treatment has beeru and continues to be, 
the elimination or amelioration of <^ 

tii^leasMt or life- to toxicity to normal tissues and cells 

However, despite efibrtSi these 
15 Ev^nwhe^ 

p^ents having solid often 

develop xnultidinu 

incra^ 

become resistant and/or administration of agents designed to reverse drug 
20 accumutetiori def^ by 
risk of ipxitity to tte patirat 

Alpha- aiid beta*acic^ denved from hops, possess the ability to inhibit the 
growth of microorganisms: 

antifungal agents, in addition, alpha acids (also known as humulons) have been 
25 shown to inhibit the tumor promoting effect of i 2-O-tetradecanoy IphorboU 1 3- 
acetate in mice ^asukawa et aL, Oncology 52: 156-158: 0995)). Colupulone has- 
been reported to be active against Hela cells, CEM leukemia cells, and adnamy pin- 
and yinblastin-resistant CEM cells (Mannering et al:, Food, Nutrition arid Chemical 
Toxicity, Parke et al., eds. Smith Gordon, G.B. (1993) at ck 28) . 
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Thus, a need exists for new and effective drug therapies for treating cancer 
which have minimal side effects arid are also effective against multidrug resistant 
cancer cells, 

5 Summary of the Invention 

The present invention provides a method to inhibit cancer cell growth, and 
thereby to treat cancer comprising administering to a mammal afflicted with cancier 
an effective amount of the compound 




20 

where^ 

-GH<GH,)dHiiGH3, or a phannaceuucally aixeptabje salt thereof. In a preferred 
embodiment of the invention, R is -CH(CH,) 2 The present invention further 
provides a memod of ihhibiUng bactenal cell growth by contacting bacterial cells 

25 with an effective amount ofa compound of formula (I) The present mvenUon also 
provides pharmaceuticai compositions, such as compositions adapted for topical 
administration, comprising an: effective amount of a compound of formula (I) in 
combination wim a phannaceutically acceptable carrier: The compounds of the 
invention are particul^y effective^against gram poMuye bacteria, such as 

30 mwo6oc/mum strains, including drug-resistant M. tuberculosis strains or 

Mycobacterial jviah cg^iex<0i®. The compounds are also active against 5; 
aureus, including methocillin-resistant S. aureus. 
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As used herein, the term alky 1 encompasses branched and straight-chain 
alky I groups, as well as cycloalky 1 and (cycloaikyl)alkyl. 

Brief Description of the Drawings 

5 Figure 1 shows the activity of HHC against Staphylococcus aureus. 

Detailed Description of the Invention 

The present inventiortiprc^ides a method of killing cancer cells and/or 
inhibiting their growth throu^ii the use of certain (J-acids. In a preferred 
10 embodiment, the method utilizes lupuloiies or analogs thereof Generally preferred 
are hydrogenated , deri vatives of 1 compounds of the formula 



15 



26 




fl) 



; are used; wherein R is^ ^ ^H 2 GH(CH0 2 (hexahydrolupulorie), 

-(M(GH^;(hexah 

25 (hexahydroadlupulone), or a phaniiaceutically acceptable salt thereof Ih a preferred 
embodiment of the invention^ R is -CH(CH 3 ) 2 . The compounds may also be 
administered as a mixturexomprising on^ The 
tautomeric forms of the compounds of formula (!) are also within the scope of the 
present method. 

30 Betaracids (also kiiown as ^ and 

hexahydrdcolupuldne: in peculiar, can; inhibit the growth pf food pathogens- such 
as listeria monomcytogenes (U.S. patent nos, 5,286,506; 5,455,038). In addition, 
hexaHydrolupulorie. inhibits the growth of certain Lactobacilli (U.S. patent 
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no, 5,082,975). However, the antineoplastic effects of hydrogenated lupuiones have 
not been previously reported. 

These compounds have been found tp be highly effective cytostatic and 
cytotoxic agents which are active against cells of a wide variety of cancers. For 

5 example, hexahydrocolupulone has been found to have cytotoxic and/or cytostatic 
effect against human breast adenocarcinoma cells, human acute lymphoblastic 
leukemia cells, yinblastin resistant cells, human Burkitt lymphoma cells; human oral 
epidermoid carcinoma cells, and human cervic^ ^pithelidicl carcinoma ceils. 
Hexahydrocolupulone .(HHQ'ti^^ 

10 ^g resistant human cancer cell lines, fo^ human 
acute iymphofcl^^ MWtidtrug resistance against; anticancer 

compounds is one of the; most formidable problems in cancer chemotherapy . In 
addition to their broad spectm 

invention have potential clinical application dtie to their high potency, as shown by 
15 their relatively tbw lC 50 concentrations (ie w presents the concentration of 

comj^t^ required $b loll 50% of c^cer cells in ^ m v/ifro assay). Moreover, as a 
d^vative o£a gen^ 

negligibly toxic when ingested, an adyMtage over many existing chembtherapeutic 
agents.; 

20 Hydrogenated lupuiones appear to be mpre active and stable than their non^ 

hydrogenated p^ntcompp Forex^ 

than colupui6he (see M^enng et aL, cited jropra) while hexahy drolupulone has 
been found to te Amer: Chem. Soc 73:1850- 

1852(1951> 

25 According to the invention, c^cer ceUs ire inhibited by-administration to a 

mammal afflicted with cancer of an effective amount of the compounds of 
Formula (I). The "effective amount'* will ultimately depend upon whether inhibition 
of growth or Ming of cancer cells is gb^ of the treatment However, as described 
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herein, a suitable dose will be in the range of about 0.5 to about 100 mg/kg of body 
weight per day. 

The compositions described herein are believed to be effective in the 
treatment of solid mammalian tumors or hematologic malignancies, and include 
5 those which can develop multidrug resistance. These solid tumors include cancers 
of the head and neck, lung, mesothelioma, mediastinum, esophagus, stomach, 
pancreas, hepatobiliary system, small intestine, colon, rectum, anus, kidney , ureter, 
bladder, prostate, urethra, penis, testis^ gynecological organs, ovarian, breast, 
endocrine system, skin central nervous system; sarcomas of the soft tissuerand bone;; 

10 arid meismoma of cutaneous and intraocular origin; Hematological maiign^cies 
include childhood te^emia gind lymphomas* Hodgldn's disease, lymphomas of 
lymphocytic and cutaneous origin; acute and chronic leukemia* plasma ceil 
neoplasm and cancers associated with AIDS; TTie preferred mamriialian species fbr 
treatment are humans and domesticated dmiMls. 

15 Without being bound by any parttcul^ theory regard 

attipn;^ 

method sug^^th^HHG 

cycle. Other studies suggest that the cytotoxic effect of HHG on cancer cells is not 

due to major effects upon DNA, I£N A or protein synthesis 
20 In another embodiment of the invention, a compotmd of fdtrnula (I), or a salt 

or pharmaceutical composition thereof, is used to inhibit bactenai cell growth. In a 

preferred method, the bacteria is a gram positive bacteria. In a more preferred; 

embodiment, the gram positive bacteria, is Staphylococcus A ureus. In another 

preferred embodiment, the bacteria is a mycobactenum. In a more preferred 
25 embodiment, the mycobacteria is tuberculosis or mycobacterial avian complex 

(MHC). 

In a further embodiment of the invention, a compound of formula (I), or a 
salt or a phannaceutical composition thereof, is useful as a parascititidal agent, for 



S731S30A7 I ? 



WO 97/31630 PCT/US97/03073 



6 

example as shown in Example VII hereinbelow. The compounds Of the invention 
can be used against the hemoflagellates, such as against lejshmanja- 

Hexahydrolupulones are hydrogenated derivatives of lupulones, a constituent 
of hops (up to 5-7%). Hexahydrocolupulone can be made via the chemical 
5 hydrogenatidn of colupulone using a number of methods known in the art. For 
example, hydrogenation can be achieved with platinum (IV) oxide as a catalyst as 
described by Riedl {Bet. 89:1863 (1956)) or by Carson (J. Ant; Chem. Soc. 73:1850 
(1951)). 

In a preferred method, beta-acids are purified as described in U.S. patent no, 
10 4,918,240 and hydrogenated as described in U.S. patent no. 5,082,975 (both of 
which are herein incorporated in their entireties). According to a preferred method 
of purifying beta acids, palladium or platinum catalystpoisons are removed front an 
aqueous alkaline fec/a acid solution by agitating the solution at a pH of at least about 
10, preferably between about 1 1 and 12.9, inme presence of polyvalent metals other 
15 than palladium and platinum. The insoluble catalyst poison containing materials are 
then separated. ; 

Preferably, the polyvalent metals used are edible metal ions, preferably 
magnesiiun and calcium, and may also be anc* aluminum or iron; Preferably, the 
. pH is between about I I and 12.9; Although a.solyent is not necessary for removal 
20 of the ^taiy st poison^ 

Examples include hydrocarbons such as hexane, esters, liquid fatty alcohols, and 

terpenes/such as limbnen. 

In preparation for me ensuing hydrogenation step, the purified beta acids 
may be recovered from the alkaline aqueous phase by the C0 2 method of Cowles 
25 (U/S. patentno. 4^590,296). Alternativelyv the bei&acft solution is mixed with 
about an equal volume of an organic solvent such as hexane. The pew-acids are 
extracted into solvent by slow acidification with agitation, using an acid such as 
phosphoric acid, until a pH of about 9:5-9.8 is reached. Substantially all of the beta 
acids are removed from the aqueous phase by this procedure. The beta acids may 
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then be recovered from the solvent by partial evaporation and cooling, or by 
removal of the hexane under vacuum, by procedures known to the art. 

Any known method of hydrogenation may be used, although preferably one 
is used which results in a high purity of beta acids. Preferably, the purified beta- 
5 acids are hydrogenated under non-acidic conditions. According to a preferred 
method, the tiet&acids are dissolved in solvent and water Any non-toxic< nbn- 
reactive solvent may be used such as lower alkanote^ or 
THF. A hydrogenation catalyst such as palladium or platinum is added. The vessel 
is evacuated, hydrogen gas is introduced, and the vessel is agitated until hydrogen 

10 i^takci has ceased. The hydrogenated product is filtered to remove the catalyst. A 
solution of wat<^ as hexarie is then added; the 

mixture agitated and the hydrogenated beta acid lis extracted into the hexane 
phase. After partial evaporation of the hexane, the mixture is seeded and cooled v 
aJIpwi%:^e crystalliie; 

J 5 To aJlbw conversion to pure hydrogenated beta acids, the miiumum pH used 

isabdu^ 

The rate df hjjdrogenaddh may be accelerated through the ^ amounts 
of catalyst or by rmsing 

An aqueous liquid alkaline solution of hydrolupulones may be prepared as 

20, described in U S. patent 5,082,975 Alternatively, propylene glycol, glycine, 
similar stable alcohols and polyols, or mixtures thereof with or without water, may 
be substituted for the water of the aqueous solution In addition, the foregoing 
a^u^fesolutidn may be mixed with glycol or glycerine; etc., to, form a standardized 
solution of product; which is readijy-dispersible m water, and stable as we] 1 

25 Pharmaceutically acceptable salts of the: biologically active compounds 

described herein may be used as well in practicing the claimed: methods. 
Pharmaceutical ly acceptable salts may be formed using organic or inorganic bases, 
such as NaOH; Na^GOj)^ NaHGQ 3 , KOH, amines and the like. 
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Although the compounds described herein and/or their its salts may be 
administered as the pure chemicals^ it is preferable to present the active ingredient as 
a pharmaceutical composition. The invention thus farther provides the use of a 
pharmaceutical composition comprising one or more compounds and/or a 
5 pharmaceutically acceptable salt thereof, together with one or more 

pharmaceutical^ acceptable carriers therefor and, optionally, other therapeutic 
and/or prophylactic ingredients. The carrier(s) must; be 'acceptable' in the sense of 
being compatible with the other ingredients of to composition and not deleterious 

to the recipient thereof; 
10 Ptormaceutical compositions include those suitable for oral; or parenteral 

(inbludingi intramusc^^j subcutaneous and intravenous) adtaini^tion. The 

dosage forms and may be prepared by any of the methods well known in the art of 
pharmacy Such methods include the step of bringing into association the active 
IS cofcpfcima^ 

solid carriers or combination thereof, and then, if necessary; shaping theproduct 

tiied^ired SiKhmeth^ 
therapeutically effective amoimt of liposomes, by methods 

Mow^ 

2Q Phannaceutical com^ i-^iitoirt^ciamay'bc^ 

pieseiited as discrete unit dosage forms such as hard or soft gelatin capsules; cachets 

powtfer,:^ 
an emulsion. 
25 Compositions suitable ifpr %^ 

dosage forms such as lozenges comprising active ingredient in a flavored base, 
u^alty sucrose andiacadia or trag^^ comprising the active ingredient 

in an inert base such as gelatih.arid glycerin or sucrose and acacia; mucoadherent 
gels, and mouthwashes comprising the active ingredientin a suitable liquid carrier. 
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When desired, the above-described compositions can be adapted to provide 
sustained release of the active ingredient employed, e.g., by combination thereof 
with certain hydrqphilic polymer matrices, e.g., comprising natural gels, synthetic 
polymer gels or mixtures thereof; 
5 For topical administration to the epidermis, the active ingredients may be 

formulated as;ointments, creams or lotionsvor patches. Ointments and creams may , 
for example, be fonriulated with an aqueous or oily base with the addition of 
suitable thickening and/dr gelling agents. Lotions may be formulated with an 
aqueous or oily base and will in general also contain one or more emulsifying 
10 agents, stabilizing agents; dispersing agents, suspending agents, thickening agents, 
oj colon 

from a smtabte reservoir, e g., as disclosed m US, Patent Nos 4,140,122; 

The active ingredient can be delivered via patches for transdermal 

15 administrations Suitable trtosd^nn^ dehvery^ 

UvS ^ateht No. 4,788,603, ii.S. Patent No, 4,931,279, 0 S Patent No 4,668,506, 
US 1>#<^ P^hesfortransdenn$l 
delivery can comjpnse a backing layer and a polymer matrix which has dispersed or 
di^blyed ^ ^punt of the active ingr^ienV albng with one/or 

20 more skm permeation enhancers . The backing layer can be made of any suitabl e 
material which is impermeable to the analogs or derivatives of the invention The 
backing layer serves as a protective coyer for the matrix layer and provides also a 
£u£p^ The backing can be formed so that it is essentially the samfe size 

layer as th£ ^ be of larger dimension so that i t can extend 

25 beyond the side pf the polymer matrix or overlay the side or sides of the polymer: 
matrix and then ^ in a maimer that the surface of the extension 

of the backing lay^i^ui be the base for ^ ^esive means- Alternativelyi the 
polymer matrix can contain, or be fonnulated of, an adhesive polymer, such 
polyacrylate or aery late/vinyl acetate copolymer. For long-term applications it 
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might be desirable to use microporous and/or breathable backing laminates, so 
hydration or maceration of the skin can be minimized. 

Examples of materials suitable for making the backing layer are films of 
high and low density polyethylene, polypropylene, polyurethane, polyviny ichloride, 
5 polyesters such as poly(ethylene phthalate), metal foils, metal foil laminates of such 
suitable polymer films, and the like. Preferably, the materials used for the backing 
layer are laminates of such polymer films with a metal foil such as aluminum foil: 
In such laminates, a poller film of the laminate will usually be in contact with the r 
adhesive polymer matxixv The backing layer can be any appropriate thickness which 

10 will provide the desired protective arid^^^ functions. A suitable thickness will 
be from about 1 0 to aWut 200 microns. 

Genet^i^ form ; the bioldgi^ adhesive 

polymer layer are those capable of forming shaped bodies, thin walls or coatings 
through which therapeutic agents can pass at a controlled rate. Suitable polymers 

15 are biologically and pharmacetaically compatible, noitallergenie and insoluble in 
^^eompatibte^tW^ the; 
use of soluble ^ or erosipn of the 

by skin moisture would affect the release rate of the therapeutic agents as we) 1 as the 
capability biF the dosage tmit to remain in place^ fo^ 

20 Exemplary materials for fabricating the adhesiverpolymer layer include 

j^iyethyleneV poly propylene^ polyurethane, etfiy lene/propy !ene copolymers, 
ethylene/e%lacrylate copolymers* ethylen^^iryl ^etafe copolymers; silicone 
el^tbrriers, especially the medical-grade polydimethylsilbxanes; neoprene rubber, 
j^iyisobutylene, polyacry lates, chlorinated polyethylene^ polyvinyl chloride, vinyl 

25 chloride-yiny! acetate copolymer, crosslinked polymethacrylate polymers (hydro- 
gel), pqlyvihyiidenech^ 

epichlorohydrin rubbers, ethylenvinyl alcohol copolymers, ethylene- 
vinyloxye^bl copolymers; silicone copolymers, for example, polysiloxane- 
pblycarbonate copolymers, polysiloxanepolyethylene,oxide copolymers, 



BNSOOCii* <WO S73I630A1 t > 



WO 97/31630 



PCT/US97/03O73 



II 

polysiloxane-polymethacrylate copolymers, polysiloxanc-alkylene copolymers (e.g., 
polysiloxane-cthyiene copolymers), polysiloxane-aJkylenesilane copolymers (e.g,, 
polysiloxane-ethylenesilane copolymers), and the like; cellulose polymers, for 
example methyl or ethyl cellulose; hydroxypropyl methyl cellulose, and cellulose 
5 esters; polycarbonates; polytetrafluoroethylene; and the like. 

Preferably, a biologically acceptable adhesive polymer matrix should be 
selected from polymers with glass transition temperatures below room temperature. 
The polymer may, but need not necessarily, have a degme of crystallinity at room 
temperature. Cross-linking monomeric units of sites can be m<#rjx^t^ 
10 polymers. For example, erOss^inJang monomers can be ihcorporated into 
polyacrylate polymers, which provide sites for cross-linking the, matrix after 
dispersing the therapeutic agent into the polymer Known cross-linking monomers 
.for polyacrylate polymers include polymethaerylic esters of polyois such as butylene 
diactylate and dimeth 

1 5 Other: monomers which provide such sites include allyl aery late y allyl methacrylate, 
diallyl irialeate and the life. 
Preferably, a pl^ 

polymer matrix Water-soluble polyois are generally suitable for this purpose; 

Incorporation of a humectant in the formulation allows the dosage iraFto absorb 
20 moisture on the surface of skin which;ih turn helps to reduce skin irntatibn and to 

prevent the adhesive polymer layer of the delivery system from failing. 

Therapeutic agents released from a transdermal del i very; system must be 

capable of penetrating each layer of skin In order to increase the rate of permeation 

of a therapeutic agent; a penetration agent, such as a fatty alcohol or a glycol such as 
25? propylene glycb^ 

skin, the stranim corneum, to the therapeutic ageritv 

The active agent or derivative may also be formulated so as to be suitable for 

admihistmtion by inhalation or insufflation or for nasal, intraocular or other topical 

(including. buccal and suMingual) administration- For example, for administration 
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to the upper (nasal) or lower respiratory tract by inhalation, the active agent or 
derivative is conveniently delivered from an insufflator, nebulizer or a pressurized 
pack or other convenient means of delivering an aerosol spray. Pressurized packs 
may comprise a suitable propel lant such as dichiorodifluorqmethane, 

5 trichiorofluoromethaiie; dichlorotetrafluoroethane, carbon dioxide or other suitable 
gas. In the case of a pressurized aerosol, the dosage unit may be determined by 
providing a valve to deliver a metered amount: 

Altematiyely^ for administration by inhalation or insufflation* the active 
agent may t^e the; form of a dry powder composition, for example, a powder mix of 

10 the active agent and a suitable powder base such as lactose or starch. The powder 
composition may be presented in unit dosage form in, for example, capsules or 
c^ridj^s^ 

administered with the aid of an inhalator, insufflator or a metered-dose inhaler. 

For infra-nasal adimmstration, therac^ b& administered via 

15 nose drops, a liquid spray, such as via a plastic botUe atomizer or metered-dose 
inhaler, Ty^i&ltf 
(Riker). 

The pharm^eutical c 
contain other adjuvants such as flavorings, coloring, antimicrobial agents, of 
20 preservatiyesv 

It will be further appreciated that the amount of the compound, or an active 
salt or derivative therebfv re the 
particular salt selected but also with the route of administration, the nature of the 
condition being treated ind the age and condition of the patient and will be 
25 liittmateiy at the discretion of the attendant physician or clinician. 

In general, however, a suitable, dose will be in the range offifom about 0;5 to 
about: 1 00 mg/kg,ie:g iV from about 1 0 to about 75 mg/kg of body weight per day, 
such as 3 to about 50 mg per kilogram body weight of the recipient per day, 
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preferably in the range of 6 to 90 mg/kg/day, most preferably in the range of 15 to 
60 mg/kg/day. 

The compound is conveniently administered in unit dosage form; for 
example, containing 5 to 1000 mg, conveniently 10 to 750 mg, most conveniently, 
5 50 to 500 mg of acti ve ingredient per unit dosage form. 

Ideally, the active: ingredient should be administered to achieve peak plasma 
concentrations of the active compound of from about 0.5 to about 75 jiiM, 
preferably,, about 1 to 50 pM, most preferably, about 2 to about 30 pM ; This may 
be achieved^ for example; By the intravenous injection of a 0.05 to 5% solution of 
10 theacti^ 

containing about 1-100 mg of the active ingredient. Desirable blood levels miy be r 
maintained by continuous inf^ion to prpyide abom OiOl -5;(^mg^g^^r 
mte^irtentin^ 0 4-15 mg/kg of the a^mve ingjfedient(s). 

Tliedesi^ 

1 5. divided doses administered at appropriate intervals, for example* as two, thre^ four 
or more sub-doses per day. The sub-dose itself may be further drvjded r e g;, mtoa 
number of discrete loosely spaced administrations; such as multiple inhalations from 
an ifeuffl^oir or by:applil^% of^ of drops into thb eyei 

All publications, patents and patent documents are incorporated % reference 

20 hereirij as thottgh individually incorporated by reference The itiyentidn has been 
described vsath reference to vano preferred embodiments and 

techniques. However, it should be understood that many variations and 
modi fications may be ihade while remmmh sebpfc of the 

invention^' 

25 The following but not limit ^the invention, 

E2&MELES 
EXAMPLE I - Cytostatic Activity 
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HHC was tested for cytostatic activity using the trypan blue exclusion assay. 
The purpose of the assay , is to determine the concentration of HHC at which 50% of 
cell growlh is inhibited (i.e., ID 5 o) when cells are continuously exposed to the HHC. 
Five ml of a mixture of 2 x 10* cells/ml were placed in T-25 flasks. HHC or control 

5 (no HHC or DMSO vehicle) was added. The cells were incubated at 37°C under 
5% C0 2 for 24 or 48 hours. Monolayer cells which are attached need to be 
incubated for a minimum of 14 hours before HHC is added in order to allow the 
cells to attach. The cells a^e detached by pancreatinizing (attached cells) and or 
suspended well (unattached cells), A 100 \il sample was removed from the cell 

10> suspension arid placed in a borosilicate glass test tube. One hundred |il of .4% 
tiy pm blue solution 0 phosphate buffed 

the cell suspension sample and mixed well. The cells were counted using a 
hemotj^ometer 1D $0 was calculated by choosing a drug concentration that was 
below 50% inhibition as well as a drug concentration that was above 50% inhibitibn 

i$ t^ 50^ inhibition; llie following fpim^ 

used' 

^ihhibition^ 100>-%grpwthv 
where M&o»$^ 
20 where Cp&tlfe 

G t is the cei) <^uht o HHC treated sample at time "t", and 
ikthe^ft sample at time "t^ 

Table I presents data on the activity of HHC against various cancer cell lines 

25 MCF^7 cells am 

characteristics of differenti^tf manto^ epithelium (i.e., dome formation and 
estradiol processing via c^^ CEMcells are:human 

acute lymphoblastic leukemia wliis which morphologically r^emble lymphoblastic 
cells, CEM yinblastin resistant cells contain the P-glycoproteih therefore enabling: 

30 them to exhibit muitidrug resistance to many structurally unrelated compounds. 
Raji cells are human Burkitt lymphoma cells which are lymphob^ KB cells 
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are human oral epidermoid carcinoma cells. HeLa S3 cells are human cervical 
epithelioid carcinoma cells. 

Table I . . 



Cell type 


no. of experiments 


: ID 50 (MM) 


standard deviation 


MCF-7' 


3 


1.23 


0.17 


GEM' 


4 


1 .97 


0.34 


CEM vin resistant' 


4 


2.61 


0;33 


Raji 2 


■ * 


2.19 


0:40 


KB' 


3 


0.85 


0.07 


HeLa S3 2 - 


3 - 


1,21 


0.03 



period of incubation « 

15 Asthe i^lts 1^ 

respeiMoawidtf^ 

EXAMPLE U - Cytotoxic Activity 

HHG was tested for c^ptbxic activity using a colony fofmatio^ usittg 
20 an 18 hour pulse exposure The purpose of the c I onogemc assay is to determine the 
concentration of HHG^^ 

cells are exposed to the HHC for a defined amount of time (i.e., a pulse exposure to 
the xenobiotic); 

Five ml of a mixture of 2 x 10 5 cells/ml (MCF-7 cells) were placed m each 
25 of4 T-25 flasks % a media of ii^L(^lKo> Thexells- were ii^ubated at 3? °C 
under 5; % G0 2 for a minimum ofl attach. ^The^eeils 

were pulsed for ifrhq^ and 25 ^MV or vyith 

DMSCX 

Th? media w^; itmoyed|rqm (i;e M media with floating cells) and 

30 placed in 15 ml polypropylene centrifuge tubes 1 -4 (summan^ jrl Table; II). The 
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flasks were washed in 1 ml of PBS and the wash was placed in the appropriate tubes 
1-4. Tubes 1-4 were centriftiged at 150 rpm and the media was aspirated. Cells 
were detached from the flasks by pahcreatinization. Approximately 1 ml of the cell 
suspension from the flasks wereadded to the appropriate tubes ( 1-4) and the pellet 

.5 suspended; The cells in tubes 1-4 were pooled with the cells in the flask. The cells 
were then resuspended. 

One ml of cell suspensiph from the flask was added to the appropriate 1 Ox 
tube (tubes 5-8) along with 9 ml of media and suspended well. One ml of the 
suspension in each 1 Ox tube was then placed in the appropriate 50x tube (tubes 9- 

10 1 2) along with 4 nil of media. 



Table II 





control* : 


DMSO 


UuMHHG 


25uM;HHC 


floating celjs 


" 


: 2 ; 


3 . 


' 4 


lOx dilution 


' 5 


I. 6 






1 50x dilution 


9 


10 


li 


12 



a tube no, b [HHC]^0 



20 

The: cells :m the original cell suspension (i.e > in the flask) were counted using 
tiypan blue exclusidn assay (described in Example 11^ Based on tWs tpimt*^^ 
number of cells in the 50x tubes were calculated. The volume neee^sa^ to acquire 
approximately 5400 cells was then determihed. This volume wasremoved from the 

25 50x suspension and placed into §0 ml polypropylene tubes (tubes 13- V6). Media 
was added to attain a volume of 1 8 ml The cells were then suspended. 

Five ml of suspehsjon from each of tubes 13M6 was transferred to 60; x 15, 
mm tissue culturedishes (in triplicate); The cells were incubatedtintil colonies of at 
least 50 cells Were pr&ent (appro*. 6-8 days).- The cells were then stained with 

30 Giemsa stain (a solution of 1% Giemsa stain (Sigma) in 1 00% methanol). The 
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culture dishes were removed from the incubator and the media aspirated off. The 
dishes were washed 2x with phosphate buffered saline (3-4 ml); Three to four ml of 
100% ethanol was added to each dish, an amount sufficient to cover the bottom of 
the dish, covered and allowed to stand for 30 minutes. The stain was washed out 
5 with cold H 7 0. The water was poured off, without loss, of colonies. The plates were 
inverted and allowed to dry. The cells were counted in those colonies which 
consisted of at least 50 cells. The ID 50 was determined as described in Example Ih 
The data is shown in Table HL 

10 Table II? 



Ceil type 


f no. of experiments 


:ID j6 ^M) 


Std. deviation 


MCF-7 




162 


0.28 



As the data showsv HHC is able to effectively kill MCF-7 cancer cells at low 
15 dosages- ; ; • . 

Preliminary datatsug^ 
(mouse neuroblastoma) ^ 1,94 after 48 houre bf cpnt^ 

exposure. 

20 

The maximal tolerated dose (MTD) of HHC was determined m BDF1 mice 
by i p injection. Mice were able to tolerate the equivalent of 200 pmolar HHC with 
no apparent side effects. 

25 EXAMPLE IV - Deteraination of Mechanism of Action 

Fluorescence activated cell sorting (F ACS) was used to determine what 
percentage of cells could be found in the design ated cell cycle phase after 48 hours 
of continuous HHC exposure. There are four distinct phases in the celi cycle which 
lead to duplication of the cell and its genetic material. In the GO/GT phase, the cell is 
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at rest or is performing miscellaneous biosynthetic functions. During the S phase, 
DNA synthesis occurs which leads to replication of the chromosomes. G2 is the 
pre-mitotic interval while the M phase is the time during which the cell divides. 
Cells were exposed to concentrations of 1:5 ytM and 25 \xM of HH£ r and 

5 DMSQ; DMSO had no significant effect on the cell cycle, with a profile almost 
identical to that of the '-no drug" control. The results; indicate that low [HHC]'s (i.e., 
1.5 jiM) increase the number of cells in GO/G 1 and decrease the number of cells in S 
phase. At high [HHG] r s (i.e., 25 jiM) there is a decrease in the number of cells in 
GO/G 1 arid an increase iri the number of cells in S phase; TOis indicates that HHG 

10 has an apparent effect upon the G 1 -S phase transition of the cell cycle. 

EX^PLE V - Anti 

A single colony 6i Staphylococcus aurem^ss grown in 2 ml of Luna- 

15 0.5 ml of the culture was transfeiTe to 250 ml LB and allowed to grow at 37 *C 
until the OD600 (optical density) reading was about 0 2 (a reading of 1 OD6Q0 
iii^ibites a cell concentration of approximately 8 x i 0? ceilWml). Cultw 
ahquoted into 50 mi tubes containing 1 3 ml of bacterial culture per tube 0>5^ 10, 

W solvent - were used as controls. Aliquots of the ^ 

hours to obtain the QD600 reading As the results indicate (Figure 1) HHG is an 
effective inhibitor of bacterial grovtfk 



EXAMPLE /VI - Antibacterial Activity (M-Mberculosis) 
25 Drug susceptibi 1 i ty was tested using the BACTEC method (Siddigi, 

BACTEC TB System Product arid Procedure Manual, Bectdh Dickinson Gorp 
(1989); Iriderlied, Antimycobacterial Ageni^ Laboratory Medicine, 

ed. Lorian, 3rd edition, Williams and Wilkins): The growth curve of mycobacteria 
in liquid media with and without HHG is plotted for 4 to 12. days. Resistance is 
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determined by modification of the 1 % proportional method. The control vial is 
inoculated with a 1:100 dilution of organisms* and a growth rate greater than vials 
with HHG is interpreted as evidence of susceptibility. Resistance occurs where less 
than 99% of the organisms are inhibited by the HHG. 
5 Materials: 

t) BACTEC 1 2B vials 

2) HHG, 

3) Special Diluting Fluid (DF): 0,2% fatty acid free bovine serum albumin 
and 0.02% polysorbate 80 in distilled water, adjusted to pH 6.8 ± 0:2 dispensed and 

10 Sterilized inthe following aJ loqyots: a); 3.0 mi with 8-10 glass beads (1-2 mm/eai); b) 
m ml; cj) 9^9 ml; and d) 9.0 ml 

# 0.$ KfcFarl^ ther same tube as (3) abpyje 

5) disposable sterile culttire loops 

6) ^lJ0 mltufeerculm syri^ 

8) Vortex mixer 

9) ATCG 2?294 ^ tuberculosis) 

A quantity of growth of ATGC 27294 is removed from the solid media with 
a sterile applicator stick and placed in a tube with glass beads and DF Vortex is 

20 used to emulsify bacterial clumps. 0,1 ml of this suspension is used to inoculate 
new, pre-gassed BACTTEC vials. The vials are incubated at 37°G and monitored 
daily The culture is ready for inoculation into the HHC and control vials on the day 
whenthegrov^ 

Vials th^- have been at 9^ 

25 bactenal load may be too high. Control vials, inoculated with growth below an 
index of 90& do not reliably reach ihe test cutoff value of 30 in the required 12 day 
experimental period; Serial B ACTEC-to-B ACTEC transfers of the ATGC 
organisms are acceptable within the confines of the experimental period; 
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BACTEC vials are run on the BACTEC instrument to establish proper CCX 
levels: The HHC is inoculated aseptically (0 1 ml HHC solution/vial) into labeled 
vials. Each HHC vial, and one DF vial containing 9.9 ml DF, is inoculated with 
OA ml of the ATCC BACTEC culture. The DF vial, now containing a 1:100 

5 dilution of the bacterial suspension, is inverted 10X to mix and OA ml withdrawn to 
inoculate the control 12B vial. A 1 : 10 control is made in the same manner as above, 
usihg a viai with £.0 ml DF and 1.6 ml of the AT€C BACTEC culture. All test 
vials are incubated at 3 7 °G ± 1 ° C for 4 to 1 2 days, with daily reading on the 
BACTEC instniment; The vials must be run at approximately the same time each 

10 day. 

The test is finished when the GI of the control vial reaches 30 and at least 
5 d^ys have transpired. The change in GI from one reading toanother (delta 
change) is indicative of tlie gro^ rate If the change is greater in the HHC vial 
compared to the control, the^ the HHC; if about the s^£ the 

XSl isoiate is borderline in sus&pti^ 

susceptible to HHC, If the GI in the HHC vials is imtially very high ()3 00) and the 
GI m the control is low, the inoculum pr^ the test needr 

io b^rei^ted^ If the GI in a p^ictil^ HHG^ then declines 

whfen the control reiaches 30, the isolate is considered resistant to-HHC If the GI in 

20 a I^G vial reached control reaches 30^ the isolate 

is: considered resistant If the GI of a vial reaches 999 before the control reaches 30, 
the inoculum was too heavy, and th$ test needs to be repeated If the GI reaches 999 
on the sanie day as the control fe^he^:3^ delta GI is greater than the 

control, resistance can be reported, However susceptibility cannot be determined 

25 withareadihg of 999, and the ^test^oiild n^ to fee repeated. If the delta GI for the 
HHC vial i$ close (10%) to ihe^dehaiGI of the control this indicates partial 
resistance; and additional readings (1-3 days) should be taken. The 1:1 0 control is 
not used as part 6f a standard 1% proportional method, but is included here to 
measure smaller, drug effects that may not be apparent with the standard 1 %- method; 
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EXAMPLE VII - Activity of HHC Against Leishmania 

Direct susceptibility of leishmania was examined using gross inhibition. 
After 6 and 24 hours exposure of leishmania to HHC, leishmania were fixed using 
5 formaldehyde and cells were counted on a hemacytometer. The results showed that 
after 24 hours exposure to 2.5; \xM HHC; 90% of leishmania growth was inhibited. 

All publications^^ 

herein, as though individually irijcorpoiat^d by reference. The invention has been 
Iff: Scribed w^T^fereneeto various specific and preferred embodiments and 
techniques* However; it shouldlbe uhd^dcid that many variations arid 
;mc^i&atj©ns,piay bemade while remaining within the spiri t and scope of the 
inyentidiiK ;•' ' 
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WH AT IS CLAIMED IS: 

1 ; A therapeutic method to inhibit cancer cell growth comprising administering to a 
mammal afflicted with cancer an amount of the compound 

5 



10 




15 0 

inhibit growth of said cancer cdls. 
20 2v The method of claim i wherein R is -GH^eH^ 

% : pe rrieth^ or CH(GHj)€^GH 3 > 

25 more compounds of formula, (I). 

5 ; A method for treating cancer cells according to clairn 1 wherein said cancer cells 
are multidrug resistant. 

30 6. The: method of claim 1 wherein th? mammal is a human. 

7. The^ niethod of claim I wherein theicancer is a leidcemia a melanoma. 
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8; The method of claim I. wherein the cancer is a solid tumor; 

9. the method of claim 8 wherein the tumor is a breast, lung* colon, or Ovarian 
turhbi\ 

5- 

10> The method of claim 1 wherein the compound or its; salt is administered as a 
pharmaceutical composition in combination with a phamaceutically acceptable 
carrier: 

10 11, The method of claim 1 Q wherein the- carrier is a Hquid vehicle. 

l^T%e method o^<y 
adhlihi^fratj^ 

15 B>: The method of claim 12 wherein the composition is adaptectfor topical 
a^inistr^i^>: 

14 The method of claim 13 wherein the composition is adapted for administration 
by means of a tr^^ 

w ■ - • ■ 

15 The method Of claim 1:3 wherein the compos is adapted for administration 
by meansof iontophoresis. 

1 6: The method of claim 10 wherein the composition is adapted for oral 
25 administration. 

17: The method of claim 10 wherein ihe^ 
amount. 
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1 8. A pharmaceutical composition comprising an amount of the compound of the 
formula 



5 




(i) 

wherein R is (C^CgJalky I, or a phannaceuticaliy acceptable salt thereof, efifective to 
15 inhibit th&g^^^ 

19- The coiripdsition of claim 18 wherein R is ~eH(<2H 3 )i 

20 The composition of claim 1 8 wherein R is -CH jGHCGH^, or 

21 . A unit dosage form comprising the composition of claim 18. 
22 r The composition of claim 18 cpmpnsmg two or more compou^ 

23- The -•.ro^g6$!&^ : pfciaim} 1 8 wherein the carrier is a liquid vehicle. 

24 Thevcompositidn of claim 1 8 which is adapted for parenteral administration. 

30 

25, T^e*>mpo$Uion Of clato; 24 which-is administration. 
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26: The composition of claim 25 which is adapted for administration by means of a 
transdermal patch. 

27. The composition of claim 24 which is adapted for administration via 
5 iontophoresis. 

28. The composition of claim 18 wherein the carrier is liposomes which encapsulate 
said amount; 

10 29: A method pf inhibiting bacterial ceil g 
with ah amo^ compound 




>yherein R is (CjrrC^alkyi^ pr a phannaceuttcally acceptable salt thereof effective to 
25 inhibit grbvi^ bf said bacteria. 

30. The method of claim 29 wherein the bactena ts gram positive bactena 

31 The method of claim 30 wherein the grant positive bacteria is Staphylococcus 
30 Aureus, 

32. The method of tbirn 29 wherein the bacteria is a mycobacteria. 
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33 . The method of claim 32 wherein the mycobacteria is tuberculosis: 

34. A therapeutic method to inhibit bacterial Cell growth in a mammal infected with 
bacteria comprising administering an amount of a compound of formula (1): 



10 




• ■ ■ (!) 
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wherein^ 
mhibit^ro^ 

35.. the method: of ciaiin 34 wherem the bacteria is a gram positive bacteria* 

20 ' 

3& The method of claim 3 pdsitiveLto^^ 
Aureus; 

37; The method of claim 34 wherem the bacteria is a mycobacteria, 
38^ Tfie method of clainv37 v/herein the^ 

39. The method of claim 34 wherein the Coritpoundis adnunistered parenteral^. 

■ i 
30 40; The method of claim 39 wherein the compound is admM 

41. The method p;^ 
transdermai patch; 
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42. The method of claim 40 wherein the compound is administered by 
iontophoresis. 



43. The method of claim 34 wherein the compound is administered orally . 

5 

44: The, method of claim 43 wherein the amount is encapsulated in liposomes. 
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